There is general concern that producer subsidies distort competition. We examine a telecommunications subsidy system that transfers money from low cost regions to high cost regions of the U.S. Even though the system is designed to be competitively neutral, we find evidence that the system, combined with carrier of last resort policies, promotes cream skimming by entrants in low cost areas and less entry in high cost areas, where incumbents are more likely than entrants to receive subsidies. We are unable to rule out the possibility that state regulatory policies favor incumbents in states that are net beneficiaries of the subsidy system. JEL classification: L52, L96, O11
Introduction
Oftentimes governments subsidize production of products or services. European governments provide funding for Airbus to develop new aircraft. Farmers regularly are provided financial support by national governments. Local governments in the United States frequently provide special tax breaks or other financial considerations to help support a local failing business or to attract a new business to an area; however, such government subsidies distort markets, and distortions ultimately increase costs for consumers. Governments therefore have an incentive to try to make such subsidy programs competitively neutral using additional policy tools and regulations.
In this paper we consider the impact of a particular subsidy program to study its effects on competition in the sector. We focus specifically on the telecommunications industry's Universal Service Fund (USF) in the United States. This is a particularly interesting situation for several reasons. First, industry regulators transformed the program in the 1990s from one designed specifically to subsidize local telephone monopolies to one that would be competitively neutral; however, there is concern among some state telecommunications regulators that the subsidy program unnecessarily and heavily taxes some states (and not others) to provide these subsidies. In other words, competition still is presumed to be distorted. Second, the fund more than doubled in size from 1999 to 2005 -from $1.7 billion to $3.8 billion 1 -raising the possibility that any market distortions caused by the subsidy may have grown as well. Finally, the USF has continued to grow and the possibility of its expansion to include broadband services is real.
Using county level telecommunications and demographic data from 1999 through 2002, we consider the high cost support subsidy within the USF program. We find that the high cost support subsidy has effects that run counter to the intended purposes of the fund. Specifically, we find that despite efforts to create a competitively neutral telecommunications support mechanism, the scheme interacts with another regulatory mechanism, the carrier of last resort policy, to distort competition. This occurs because the carrier of last resort policy requires incumbents to serve all customers in broad geographic areas. Entrants, on the other hand, may choose to serve any subset of customers. Ultimately entrants choose to operate in only the most profitable geographic areas. 2 Thus, the carrier of last resort policy opens the door for cream skimming by entrants, and the high cost support mechanism exacerbates the problem by requiring incumbents to pay a portion of their revenues into the high cost fund, which is then used to subsidize telecommunications providers in high cost areas. Although entrants pay into the high cost fund as well, we find that the effects of the policies together are not competitively neutral between incumbents and entrants.
The paper proceeds as follows. Section 2 provides background information and indicates how our research contributes to the existing literature addressing universal service subsidies.
Section 3 presents our hypotheses and theoretical model of the effect of high cost support on telecommunications competition. Section 4 presents the data and empirical methodology. The results and policy discussion are presented in Section 5, and Section 6 concludes.
Universal service and high cost support
The stated purposes of the U.S. Communications Act of 1934 included "regulating interstate and foreign commerce in communication by wire and radio so as to make available, so far as possible, to all the people of the United States a rapid, efficient, nationwide, and worldwide wire and radio communication service with adequate facilities at reasonable charges." 3 This goal is now commonly referred to as universal service, but subsidies for universal service are a much more recent invention. Indeed the Federal Communications Commission (FCC) did not adopt a policy of telecommunications subsidies until the late 1960s, and it wasn't until the late 1960s and the 1970s -by which time telephone service was already available throughout the country -that the FCC adopted extensive subsidies for rural, high cost telecommunications companies. 4 The original telephone subsidy policy that the FCC embraced and then extended came under pressure in 1984, as the AT&T monopoly was divided into smaller "Baby-Bells" and competition in long-distance telephone service commenced. The FCC's response to such competition was to create a universal service fund to replace the implicit subsidy system that had been achieved through the regulation of the AT&T monopoly. The new fund assessed competitive interstate long distance carriers to support local telephone monopolies that were required to maintain low prices to promote universal service. The fund allowed special considerations for small companies serving in high cost areas, and helped to provide price discounts to low income consumers.
Then in 1996, the Telecommunications Act opened competition in local markets. This meant that assessing competitive interstate long distance carriers to support local telephone companies (no longer monopolies) could distort market competition. However, the Act preserved the subsidies and extended the dissemination of funds collected to include schools, libraries, and rural health care providers. To address each of these interests the FCC and state utility regulators created a single federal Universal Service Fund (USF) composed of four programs: 1) high cost support; 2) Lifeline and Linkup; 3) schools and libraries; and 4) rural health. The focus of our research is high cost support.
The Telecommunications Act of 1996 mandated that incumbents and entrants contribute a fixed percentage of their interstate and international revenues to the USF, and industry regulators believed that providing USF money to all eligible telecommunications carriers operating in high cost areas could promote efficient competition. By treating incumbents and entrants the same with respect to the USF, the subsidy system should not distort competition.
Still, the fund was designed so that while incumbents automatically qualified for high cost support, entrants were required to apply and demonstrate eligibility. 5 Consequently, during the period of our study, few entrants qualified for high cost support.
The USF is now a massive national program under the jurisdiction of the FCC. It disbursed approximately $7.3 billion in 2005, $4.2 billion of which was used to support companies operating in high cost service areas. 6 The high cost support proportion of total USF support has grown in recent years, from 47% in 1998 to 58% in 2005.
As the size of the program has grown, the USF has been increasingly criticized by regulators as well as scholars. In recent years one issue of contention is that the USF, presumed to be a competitively neutral national program, allows the volume of contributions to the USF and receipts from the USF to vary across states, resulting in each state having either a net deficit or net surplus of USF contributions. States with telecommunications companies that contribute significantly to the fund but collect little from it are concerned that such revenue outflows constitute inefficient subsidies and hamper telecommunications development within their states.
Some of these states advocate reducing the size of the federal program and promoting stateadministered USF programs where fewer contributions would be sent out of state (Clark, 2005) .
Naturally, states that are net recipients of USF funding are against such proposals. [Insert Table 1 here.]
[Insert Figure 1 here.]
Literature addressing the USF generally has been critical of the welfare benefit of the fund to society. Wolak (1996) and Barros et. al. (1999) show that wireline telecommunications penetration rates in the U.S., even in many rural areas, was approaching 100% when their articles were written; further, they cite evidence that few residents would disconnect service as a result of moderately rising prices. Thompson (2002, 2003) support these conclusions, showing demand for telecommunications services to be highly inelastic. These studies indicate that the majority of the population has access to telecommunications services and chooses to subscribe to such services. Thus, the main impetus for the USF (to ensure affordable telecommunications services for the entire population) appears irrelevant.
Specifically addressing high cost support, Rosston and Wimmer (2000) argue that subsidies for high cost areas are inherently discriminatory. High cost areas (in terms of telecommunications provision) can include wealthy estates and remote vacation or secondary homes, while low cost areas are generally more urban and therefore may have a greater number of low income households. In such cases, the high cost fund subsidizes the wealthy rather than low-income households for whom the USF was primarily intended. Rosston and Wimmer argue that reducing high cost support would have no significant effect on universal service, while higher taxes needed to fund the program create costly distortions. Similarly, Cremer et al. (2001) and Chiang and Hada (2007) show that unbalanced rate structures whereby telecommunications prices do not closely reflect their costs cause a costly redistribution of welfare from one segment of the population to another. Eriksson et al. (1998) compare the effectiveness of untargeted subsidies such as the high cost fund and more targeted subsidies such as the Lifeline and Linkup (low income) programs, and find that the latter are significantly more effective in increasing telephone subscriptions. Further, they show that the costs of funding any of these subsidies significantly offset the positive benefits that both untargeted and targeted subsidies aim to achieve. Lastly, Cremer et al. (2001) argues that high cost support is inefficient when the incumbent is not the most efficient operator. In this case, efficient competitors in effect support a less efficient incumbent.
One drawback of the existing literature is that most studies measure the effects of consumer well-being using the level of telephone penetration (i.e., the proportion of total households with access to telecommunications service, or the number of access lines). Yet, with wireline penetration rates about 93% 10 and with increasingly more U.S. households choosing to substitute mobile phones (and more recently, Internet-based telephony) for wireline phones, the use of penetration rate data is no longer an effective means of measuring consumer well-being.
Hazlett (2006) 
Hypotheses and theoretical motivation
Consider an incumbent telecommunications provider that is a net contributor into the high cost fund. Assume the incumbent has both high cost and low cost areas within its study area. Low cost areas are generally urban areas with high customer density and/or relatively easy terrain in which to locate telephone lines. High cost areas are generally rural and sparsely populated, and/or have more challenging terrain. Consider that the incumbent must serve any customer within its study area who requests service. Its rivals do not have to serve the entire study area.
Let A represent the incumbent's average, per customer cost for providing service in the study area. 12 The study area has both high cost and low cost areas. Assume the incumbent's prices to its customers reflect the average cost of providing service in the study area. This practice is called rate averaging and is the traditional pricing practice of regulated utilities. Let L where L < A represent an entrant's cost for serving a customer in a low cost area of the study area. Research indicates entrants typically serve such low cost areas (Hauge et al., 2005) .
Assume that all else equal, customers prefer lower prices to higher prices, so the market share that the entrant gains in the low cost area is greater the lower its prices are relative to the prices of the incumbent. In other words, assuming that prices reflect underlying costs, the entrant's market share in the low cost area is increasing in L A − . Now consider the effect of a high cost subsidy system that is funded by a fee assessed against all telecommunications providers (incumbents and entrants) based on a percentage of each firm's revenue. 13 Let α represent the percent of revenue each provider must contribute to the high cost fund, where 0 > 1 > α . The incumbent, in order to pay the fee and cover its costs, must charge a customer at least
The result is that with the subsidy, the entrant's increase in market share is greater than without the subsidy. As
Zolnierek et al (2001), Roycroft (2005) , and Jamison (2004) show, the more profitable a market is for entrants, the greater the entry in the market.
Now consider a study area that is a net recipient of the high cost fund. This means that the study area has relatively greater area that is high cost than low cost within its boundaries. The incumbent provider is entitled to receive high cost funds for its service within the study area.
Qualifying entrants also are entitled to such funds for their service. However, during the period of our study, few entrants had qualified to receive high cost support. The discrepancy makes it possible for incumbents in net recipient study areas to obtain a cost advantage over entrants.
Such a case would occur if the subsidy Ŝ, where Ŝ ∈ [S,S], allows A -Ŝ < L. This would lower
entrants' profitability and in theory lead to less entry. 14 This leads to our first hypothesis, namely:
Hypothesis 1: Under high cost support, competition as measured through entry will be lower in net recipient study areas relative to net contributor study areas.
If we fail to reject Hypothesis 1, we cannot conclude that the fund distorts competition.
Net contributor study areas have by definition fewer high cost areas and more low cost areas.
Given that most entrants prefer low cost areas, all else equal, we expect more entry in net contributor study areas than in net recipient study areas.
However, we assert that one goal of the subsidy is to make high cost areas more commercially viable so that competition in high cost areas would be equivalent to competition in low cost areas of otherwise similar type. In other words, we should find equivalent entry across study areas of inherently different cost structures but with similar demand and demographic characteristics. We propose two possible reasons equivalent entry might not occur: the structure of the USF program may be flawed, or state regulatory policies that impact the decision-making processes and profitability of both incumbent and new telecommunications providers may disrupt competition. This leads to our second hypothesis, namely:
Hypothesis 2: States that are net contributors to high cost support adopt regulatory policies that encourage competition relative to the regulatory policies of states that are net recipients.
Regulatory policies in states that are net contributors to high cost support may (through a variety of intentional or unintentional means) facilitate more agreeable interconnection agreements with incumbents or may adopt policies that encourage entrants to lease essential facilities from incumbents. Additionally, they may have less stringent requirements for entrants to become classified as providers eligible to receive USF money for operating in high cost areas.
To determine whether this is the case, we broaden our analysis to consider whether a state being a net recipient or net contributor affects entry in that state.
We reject our second hypothesis if we find that states' regulatory characteristics and policies are not significant determinants of entry. Additionally, we reject the hypothesis if a state's status of being a net contributor is significantly and negatively correlated with entry. If we fail to reject our first hypothesis (i.e., we find that entry is relatively lower in net recipient study areas), but do reject our second hypothesis (entry is not related to state regulatory characteristics), we can conclude that the high cost fund directly distorts competition.
Data and empirical methodology

Dependent variable
We use a dataset that includes all entrants in the U.S. telecommunications market by city over the four-year period from 1999 through 2002. In the absence of any market distortions, we expect greater customer demand, lower provider costs, and pro-entrant regulatory policies to result in greater entry into a market. Given our goal of estimating the effect of high cost support contributions on entry, our empirical models use the total number of providers per county (and per study area) as dependent variables. 15 Provider data is from the annual CLEC Reports from New Paradigm Resources Group, Inc., and includes both planned and operational voice and data network services provided by entrants. We also include services supplied by municipal providers such as those used for the city's own operations (meter reading, municipal data network, supervisory control and data acquisition, and voice) and those provided to others (cable television, long distance telephone, Internet access, broadband, fiber leasing, and local telephone). Municipal provider data is from the American Public Power Association. Note that while our data includes the existence of entrants by city by year, because our demographic variables are at the county level, we aggregate our city level data to the county level and control for the number of cities per county and the total population.
We also estimate the effect of entry by study area because receipt of high cost support (as well as contributions) is determined by study area. For study area estimates, we match the county level data to study areas. Using detailed incumbent maps from all 50 states and the District of Columbia, we map each county to the single largest study area within the county borders. 16 For the vast majority of counties, a single study area dominated the county. For the remaining counties, the study area representing the county was selected by either having the greatest physical area in the county or by the number of loops the designated incumbent served within the county. The latter criterion was used to map most of the remaining counties. 17 This gives us a total of 12,536 observations (3,134 observations per year for four years), and represents 99.8 percent of all counties in the U.S. In only 7 counties nationwide were we unable to map a county to a study area due to incomplete data.
Explanatory Variables
Our explanatory variables can be divided into three categories: costs of operating and the competitive environment; demographic indicators of demand; and regulatory characteristics. We include in our model those factors that have been found to be relevant determinants of entry into local telecommunications markets by prior studies (for example by Alexander and Feinberg, 2004; Greenstein and Mazzeo, 2006; Roycroft, 2005; and Zolnierek et al, 2001 ). Of primary interest for our analysis are net contributions to the USF. These additional costs of operating are measured in two ways: aggregate net contributions by county and study area (Net Contributions) and average net contributions per loop by county and study area (Net Contributions per Loop).
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These variables serve as the key explanatory variables in our regression analyses to estimate the effects of the USF on competitive entry.
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To represent the competitive environment we include indicators for incumbents. We do this using state level variables that control for the leading incumbent serving each county and study area. Lastly, we include the number of cellular telephone providers per county per year (Cellular Carriers) to account for the possible substitution effect that may decrease demand for wireline telephone service when more wireless providers are available.
With respect to our second category of variables, demographic indicators of demand, we use those variables that prior studies estimating demand have generally found to be significant.
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We expect demand to be positively related to household income, and measure this effect using the median annual household income within the county and study area (Median Household Income). We also include the percentage of the population that receives government assistance (Assistance) and anticipate this to be inversely related to demand. Finally, we include the median age of the population in the county and study area (Median Age). While we do not have a strong prediction on the effect of age on competitive entry, a study by Chiang and Hada (2007) showed that younger consumers tend to value choices in providers more than older consumers. If this is accurate, we would predict greater entry in counties with a lower median age.
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With respect to the final category of variables, the regulatory environment, we include three variables to estimate the effect of state regulatory conditions on competition. First, we include the binary variable Flexible Regulation (with the excluded category all other types of regulation) to distinguish between states that do and do not impose price floors on entrants.
Because the imposition of price floors restricts the ability for entrants to compete on price, we expect states that do not impose such restrictions to attract greater entry, and therefore we expect a positive correlation between Flexible Regulation and the presence of entrants in a market.
Second, we measure whether public service commissioners are appointed rather than elected with the binary variable PSC Appointed. We do not have an a priori prediction on the possible effects of public service commissioners being appointed rather than elected. It is possible that elected commissioners are more responsive to immediate citizen concerns, but it is unclear whether this means that the commissioners might favor entrants, incumbents, or neither. 23 Lastly,
we include a variable that indicates whether a particular state has imposed restrictions on municipal telecommunications entry (Municipal Ban). While municipal entry is a small subset of total entry, those states with regulations limiting such entry may have motivations for doing so that also discourage entry by non-municipal entrants.
Summary statistics for all variables are provided in Table 2 .
[Insert Table 2 here.]
Empirical Methodology
Our empirical model is based on the theoretical model outlined in Section 3 above. We examine two dependent variables, the number of providers per county, and the number of providers per study area. Our primary interest is to determine whether net contributions to the USF affect entry; however, it is clear that similar factors affect both an entrant's decision to provide telecommunications services in a particular market and the net contributions that ultimately accrue to (or are received from) that market. Therefore, our data is likely to be characterized by endogeneity of the key regressor Net Contributions (and Net Contributions per Loop). The standard tests for endogenous variables support our concern. By the Wu-Hausman Ftest we fail to reject the null hypothesis that the regressor Net Contributions is endogenous (Pvalue = 0.00137). The Durbin-Wu-Hausman chi-sq test has a similar result (P-value = 0.00136).
To address this correlation, we employ a two-stage least squares estimation in which we use average revenue per line lagged one year as the instrumental variable for Net Contributions. The set of independent variables is as listed in Table 2 , and models are specified for dependent variables Entrants per County and Entrants per Study Area both with and without identifying the primary incumbent provider. Additionally, in order to tie the results of the county level estimations to the state level policy analysis this paper addresses, we test simply for the significance of states being net contributors to the USF (Net Positive) versus being net recipients of the USF. We consider the variable Net Positive at all three levels of observation: county, study area, and state. The results of these estimations appear in Table 3 and are discussed in the next section.
Results
The county level and study area level estimates are presented in Table 3 .
[Insert Table 3 here.]
We segmented our results to take into account both entrants per county and entrants per study area in order to capture any significant differences since our primary variable of interest (Net Contributions) is determined at the study area level. While we address the specifications separately it is important to note that both Net Contributions and Net Contributions per Loop are positively and statistically significant across all specifications. Using the estimation coefficients in Column 1 of Table 3 , the marginal effect of a one standard deviation increase in Net Contributions ($6.51 million) is associated with an increase of 0.06 entrants per county, an increase of nearly 8% from the mean. Thus, our first hypothesis is supported in that we find net contributions to correspond with greater entry, while net receipts correspond with less entry. As discussed earlier, this is precisely the pattern of entry we would expect to observe in the absence of the USF. Of interest is to discern why we continue to observe this pattern in the presence of the USF. Prior to addressing this question, we first consider the remaining explanatory variables within the county level specifications.
Across the county level specifications we find that the variables controlling for the incumbent's share of total state revenue are consistently significant indicating that entry is highly influenced by the leading incumbent in a market. Entry in general is higher among all counties where Sprint 24 is the leading incumbent, and lower among counties where Alltel is the leading incumbent. It is beyond the scope of this paper to determine why various incumbents have different effects on entry; we suspect it is related to corporate strategies and other firm-specific variables that are not captured in our model. Consistent with our expectations, we find that Average UNE Rate is positively and significantly correlated with entry. This finding suggests that incumbents that can earn higher revenue by leasing their unbundled network elements are less likely to act to limit entry, as the relative gains from serving retail customers are less important. Our variable Cellular Carriers has the expected negative sign, which supports our assertion that the availability of wireless substitutes should decrease entry as overall demand for wireline services decline. Finally, we find Population to be positively and significantly correlated with entry, as expected.
With respect to our second category of variables (indicators of demand), we find Median Household Income to be positively and significantly correlated with entry. Median Age is negatively correlated with entry, which supports the notion that younger consumers place higher value in advanced technologies and the availability of new and improved products that result from competition than older consumers. Additionally, the percentage of the population receiving government assistance (Assistance) is positively and significantly correlated with entry. We expect that this variable reflects a higher level of urbanization where a greater number of lowerincome households may reside.
With respect to the final category of variables, the regulatory environment, we find that Flexible Regulation is associated with lower likelihood of the presence of entrants in a market. It is possible that this result, which is counter to our initial expectation, reflects a response by regulators to satisfy incumbents by incorporating other rules that might deter competitive entry.
We find that whether the public service commissioners are appointed or elected is not significant, nor is the presence of restrictions on municipal entry. We conclude then with respect to our second hypothesis that state regulatory policy does not appear to drive our results. The results of the initial estimates as presented above provide us with the foundation for testing our first hypothesis. Namely, we find that certain cost, environment, demographic, and regulatory factors are relevant to entry decisions. Some of these factors differ by county (i.e., population); some differ by state (i.e., election of public utility commissioners); still others differ by study area (i.e., incumbent status). Our goal, however, is to determine which of these effects most directly drive our results. Our primary concern is how Net Contributions affect the competitive environment. Therefore, we attempt to further clarify the effect of USF contributions on entry between net contributors and net recipients through the indicator variable Net Positive.
Turning to the study area level results presented in
Net Positive takes the value of 1 if the area (county, study area or state) is a net contributor to the high cost fund, and 0 otherwise. The results of these estimates appear in Table 4 .
[Insert Table 4 here.]
Our county level estimates are inconclusive. At the county level, the average number of entrants is 1.203 in counties that are net contributors to the fund and 1.740 in counties that are net recipients of the fund. This is not a statistically significant difference. We assert that this result is due to the large number of counties without any entrants during the years of study. Of 12,536 total observations, only 2,028 had entry and of those counties, 1,697 were net contributors (average entry 5.56 per county) and 331 were net recipients (average entry 2.46 per county). Overall among those counties with any entrants during the years of the study, the average number of entrants per county was 5.05. To account for these characteristics of the data, we estimated the county level specifications using those counties that had a positive number of entrants per county during any of the years of the study. Even doing so, these results were not significant. We believe this supports the dominance of study area level and state level results.
We would expect that to the extent the USF influences policies and decisions, it would do so at the study area or state level since funds are determined at the study area level. The county level effects that we expect to be the greatest are those indicating the demographic (demand) conditions. Our estimations support these assertions.
With respect to the study area level results, we find that net contributions are positively and significantly correlated with the number of entrants. To add clarity to this finding, note that the average number of entrants is 22.40 in net contributor study areas and 0.15 in net recipient study areas. Similar to our findings with respect to counties, a substantial number of study areas had no entrant participation. Therefore, it is useful to compare study areas that have at least one entrant. In such cases there are 281 net contributor study areas with an average of 33.57 entrants, and 199 net recipient study areas with an average of 4.10 entrants.
This result also applies at the state level, where in fact we find a positive and statistically significant difference in entry between states that are net contributors to the USF and states that are net recipients of the USF. Specifically, the average number of entrants is 52.19 in net contributor states and 47.94 in net recipient states. Our results indicate a statistically significant, positive relationship at the state level between entry and whether a state is a net contributor to the USF.
The effects of net contributions on competition
There are at least two potential negative effects on competition created by the high cost support. First, entrants are negatively affected by their contributions paid to the USF given that they qualify for the subsidy less frequently than do incumbents. The more significant issue, however, is whether the fund distorts competition. In other words, is efficient entry discouraged by the high cost system? We assert that this is the case. While contributions to the USF affect the profitability of all operators, it is the USF funding system that gives entrants a possible advantage over an incumbent when the incumbent is a net contributor. Because an incumbent is forced to serve the high cost areas it is unable to effectively compete in the low cost areas.
Instead, it earns revenue based on its average cost of providing service, which allows prices to be higher in the low cost study areas thereby encouraging inefficient entry. The more low cost areas a state has, the more disadvantaged the incumbents are expected to be. Simultaneously, states with many high cost areas have less entry due simply to costs, and we find that being a net recipient of USF subsidies does not encourage efficient entry. In fact, contrary to the intentions of policymakers, being a net recipient might discourage efficient competition.
For future work, relevant questions remain. First, how might entrants respond if the USF were abolished altogether? In this case, we would be interested in the level of entry that would occur relative to the level of entry in net contributing states under the USF. Alternatively, how might entrants response if a state-administered USF were implemented? We also might consider the role of specific incumbents on entry. This would require incorporating firm-specific data on pricing, policies, and costs. Despite these lingering questions, our key finding remains that increased entry is correlated with positive net USF contributions -precisely the result we expect to see in the absence of the USF but not in its presence. This adds a new dimension to the ongoing debate. 2. The term incumbent refers to the carrier that prior to the Telecommunications Act of 1996 provided local telephone service in an area. An entrant is a carrier that provides some or all of the local telephone service in an area that was not operating prior to the Act. 4. For detailed information on the establishment and progression of the universal service fund, see Gabel (1967) , Mueller (1993) , and Jamison (2002).
5. An entrant must first be designated as a competitive eligible telecommunications carrier before qualifying for high cost support.
6. The remainder was disbursed for telecommunications assistance to low income households, schools and libraries, and rural health centers.
7. Table 1 uses 2004 contribution data. 8. Formally, a high cost area is defined by the local loop price with respect to the national average loop price. The local loop price is the price an entrant must pay the incumbent provider to lease the line needed to provide service to the consumer.
9. A loop is essentially a local telephone line.
10. Subscribership has fallen due to cell phones, but this does not affect wireline penetration, which is the ability to subscribe. This is clarified by the Hazlett (2006) reference.
11. A study area is an area defined by the FCC, that represents the geographic area within a state that was traditionally served by a particular incumbent. Incumbents that operate in more than one state will have a distinct study area for each state in which they operate. In some instances an incumbent may have more than one study area in a state if, for example, the company merged with another company in the state. Study areas cannot overlap, though more than one study area can appear in a single county.
12. The cost of operating in an area is based on a forward-looking cost model of building and operating the network.
13. Per the current USF arrangement, contributions are collected from all telecommunications carriers providing interstate service. There is a universal service exception for de minimis (noncommon carrier) telecommunications carriers whose estimated contributions would be less than $10,000. All carriers that provide service in rural or urban high cost areas receive support. This includes entrants that are designated as a competitive eligible telecommunications carrier. A rural area is primarily defined as a study area in which less than 15 percent of access lines are in cities of more than 50,000 (http://www.fcc.gov). High cost areas are defined with respect to the five components of high cost services, and are based on costs greater than 135% of the national average cost per line ($27.51 in 2002) . For defined high cost areas with fewer than 200,000 working loops, the carrier receives $1 in subsidies for each $1 of loop costs above 150 percent of the national average loop cost. For defined high cost areas with more than 200,000 working loops, the carrier receives subsidies between 10 percent and 75 percent of costs, depending on how much the cost is above the national average.
14. The theoretical motivation is shown formally in the Appendix.
15. Our initial research included using the number of access lines as a dependent variable to measure investment. These specifications resulted in poor models with insignificant results. We submit that this is due to the fact that access lines are frequently leased by entrants; therefore it is possible to have entry of one or more entrants without any increase in access lines at all.
16. Incumbent maps were obtained from each state for which a map was available. In six states, incumbent maps were not necessary since only one incumbent serves the entire state. In three other states, complete incumbent listings by county were obtained in lieu of maps. Maps were provided by the Telephone Association or the Public Service Commission from each state. Specific documentation of sources is available upon request.
17. The first criterion was used in cases in which two or more study areas were served by large incumbents (e.g., SBC and Verizon). This is because it is not possible to determine the number of loops an incumbent serves within a county when it serves multiple counties in a state.
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. At the state level, a comparison of these variables in 2004 appears in Table 1 and Figure 1 , respectively.
19. While the FCC makes available data on receipts from the USF (and specifically on high cost support), contributions to the USF are not directly provided. However, contributions can be calculated by multiplying the appropriate contribution factor (fixed across all states) by the respective time period's revenues for each state. Contribution factors change each quarter; thus, contributions must be calculated on a quarterly basis, and then summed for the annual totals. Next, these contributions include funding for all four USF programs. In order to narrow the contributions to the high cost portion, all of the contributions are multiplied by the percentage of total contributions appropriated to high cost support. This varies from year to year, and ranges from 53% to 58%. Receipts are then subtracted from contributions to calculate net contributions.
20. Leasing portions of an incumbent's network is called purchasing unbundled network elements. For example, an entrant could lease a local telephone line from the incumbent provider. The line would connect to the incumbent's building. It could then connect to the incumbent's switch or the entrant's switch, depending on how the entrant wishes to use the incumbent's facilities. Our variable is a state-wide average rate based on the loop, port and switching rates per month.
21. Because penetration rates for telecommunications services are high within the U.S., it is difficult to predict the factors that potential competitors would consider when deciding if there is enough demand to support their entry. For more detailed consideration, see Thompson (2002 and , and Grzybowski (2005) , or Alexander and Feinberg (2004) who provide a review of telecommunications entry literature.
22. We considered additional population characteristics such as race and ethnicity, language, and education, and other measures of population density such as urban classification, and various demographic indicators such as the employment growth rate and personal bankruptcy rate. These variables proved to be insignificant and did not affect results, therefore they were excluded from the model.
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. We generically refer to state regulatory agencies as public service commissions. Some states elect their commissioners. In other states they are appointed. The appointment processes vary across states, but the processes generally involve both the governor and the legislatures.
24. The incumbent local exchange company Sprint became Embarq subsequent to this study. Notes: Standard errors in parentheses. Significance of coefficients at the 10%, 5%, and 1% levels are shown by *, **, and ***, respectively. The model is a homogenous good duopoly competition model in which telecommunications providers simultaneously and independently choose whether to operate in a particular geographic area. For simplicity, suppose there are two areas, a low cost area (L) and a high cost area (H). There are two potential providers, an incumbent (I) and an entrant (E).
Providers are assumed to be equal in operating costs so that C I k (θ) = C E k (θ) ∀ θ, k ∈{L, H}. A which by definition just covers cost. The incumbent therefore has no incentive to operate without the USF, but is required to do so by the carrier of last resort obligations.
Lemma 2: An appropriate subsidy will incorporate funds to offset the cost of competition in the low cost area in addition to offsetting the cost of operating in the high cost area.
With the USF, the incumbent faces the following profit condition:
This allows the incumbent to earn nonnegative profit operating in both the low and high cost areas while the entrant operates in the low cost area. Hypothesis 1 indicates that there will be less entry in high-cost dominated study areas;
however, under the USF this should not be the case. By definition, the subsidy should make operating in the high cost area commercially viable, 1 and should ensure the policy is competitively neutral for the incumbent and entrant given that most entrants operate only in low cost areas. This implies that if Ŝ is optimal the following condition applies:
Solving for Ŝ we find: 
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1 If we assume that the subsidy is appropriately determined, then the entrant has an incentive to apply for eligible telecommunications carrier status that enables it to receive the high-cost subsidy too. In reality most entrants do not apply for ETC status; we rely on revealed preference theory to assert that the subsidy must not be enough to make entry commercially viable.
For the subsidy to establish a neutral competitive study area, it must be set based on the incumbent's cost of operating in the high cost area given the revenue received in that area and the portion of the subsidy that must be transferred to compete in the low cost area. 
